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ABSTRACT 

In this paper we study the chemical history of low-mass star-forming (SF) galaxies in the 
local Universe clusters Coma, A1367, A779, and A634. The aim of this work is to search for 
the imprint of the environment on the chemical evolution of these galaxies. Galaxy chemical 
evolution is linked to the star formation history (SFH), as well as to the gas interchange with the 
environment, and low-mass galaxies are well known to be vulnerable systems to environmental 
processes affecting both these parameters. For our study we have used spectra from the SDSS- 
III DR8. We have examined the spectroscopic properties of SF galaxies of stellar masses 10® — 
1O^°M0, located from the core to the cluster's outskirts. The gas-phase 0/H and N/0 chemical 
abundances have been derived using the latest empirical calibrations. We have examined the 
mass-metallicity relation of cluster galaxies finding well defined sequences. The slope of these 
sequences, for galaxies in low-mass clusters and galaxies at large cluster-centric distances, follows 
the predictions of recent hydrodynamic models. A fiattening of this slope has been observed for 
galaxies located in the core of the two more massive clusters of the sample, principally in Coma, 
suggesting that the imprint of the cluster environment on the chemical evolution of SF galaxies 
should be sensitive to both the galaxy mass and the host cluster mass. The HI gas content 
of Coma and A1367 galaxies indicate that low-mass SF galaxies, located at the core of these 
clusters, have been severely affected by ram-pressure stripping. The observed mass-dependent 
enhancement of the metal content of low-mass galaxies in dense environments seems plausible, 
according to hydrodynamic simulations. This enhanced metal enrichment could be produced by 
the combination of effects such as wind reaccretion, due to pressure cofinement by the intra- 
cluster medium (ICM), and the truncation of gas infall, as a result of the ram-pressure stripping. 
Thus, the properties of the ICM should play an important role in the chemical evolution of 
low-mass galaxies in clusters. 
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The chemical evolution of a galaxy is linked to 
the SFH, as well as to the gas interchange with 
the environment via infiows or outfiows. In this 
sense, galaxy metallicity, could be an observable 
parameter providing information on the impact of 
the environment on the galaxy SFH and/or the 
galaxy gas content. 

SFH has been found to be related to the envi- 



ronment in which a galaxy inhabits: dense regions 
such as galaxy clusters, are mainly populated by 
red passive spheroids , whereas SF galaxies dom- 
inate in the field (iDressleil Il980t iBaloeh et all 
1999I: [Poggianti et all Il999l: i Treu et al.l l2003t 



Balogh et all 12004 



logl 
M [ 



2005^ Haines et al 



Rines et al.l 120051: iFiiiii et a.1 
2007t IPoggianti et all l2008[ ). 



Though, intense discussions on the underlying 
cause of this observational trend are still ongo- 
ing. One interpretation has been that this trend 
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could be the mere result of the fact that high 
density regions have favored the formation mostly 
of massive galaxies, which in turn co nvert their 
gas in stars faster than dwarf galaxies ( KennicutO 



19981 ) and they ha ve already fini shed forming stars 



earlier in the past ([Merlin fc Ch iosi 2006,) . Recent 
observational evidences support the idea that the 
stellar mass function can be associated to the en- 



vironment (jVulcani et al 
2010I) . 



2011: Bolzonella et al 



Another reason could be that the cluster envi- 
ronment causes galaxies to transform their prop- 
erties, as they move from low density regions into 
the cluster core. A number of plausible mecha- 
nisms have been proposed, including interactions 
with the ICM, interactions with the cluster grav- 
itational potenti al and small scal e galaxy-galaxy 
interactions (see iTreu et al.l I2003L and references 
therein). Each one of these mechanisms is ex- 
pected to be effective in different regions of clus- 
ters and their outskirts, and to affect star forma- 
tion in dif ferent ways and time-sca les (see e.g. the 
review by lBoselli fc Gavazzi 

For low-mass galaxies, however, the picture ap- 
pears much clearer. Due to their low mass sur- 
face density and rotation velocity, dwarf galaxies 
are the most vulnerable systems to environment- 
related processes that quench star formation, such 
as the stripping of their halo and/or disk gas. 



Haines et al J (I2007D . based on a large sample of 



dwarf galaxies, have found that passive dwarfs are 
found only in very dense environments, typical of 
a cluster virial region, or as satellites of a more 
massive companion. Studies of three of the richest 
clusters in the local Univers e, A2199 (Ha ines et al.l 
[20061 , Coma and A1367 (jMahaian et al.. .20ia) . 
suggest that star formation in dwarf galaxies is 
quenched only in the center of the clusters, in con- 
trast with massive galaxies that can become pas- 
sive in all environments. All these evidences seem 
to imply that there exist fundamental differences 
in the evolution of giant and dwarf galaxies in clus- 
ters: while various physical mechanisms could be 
co-responsible for the evolution of massive galax- 
ies, the evolution of dwarf galaxies seems to be 
primarily driven by the environment in which they 
are found. 

In accorda nce to the current cosmological 



paradigm (e.g ISpringel et al.l 120051 ) . clusters at 
z ~ have been found to accreate late-type 



galaxies along the filamenta ry structures tha t 
compos e the co s mic w eb fe.g. ISmith et al.ll2011l ). 
Mah aj an et al. ( 201l[ ) have found that post- 
starburst dwarfs are preferentially located in 
the infall regions of Coma and A1367, sug- 
gesting that these galaxies experience a sudden 
quenching of star formation due to the inter- 
action with the ICM. Moreover, before the gas 
gets totally stripped off, dwarf galaxies could 
experience an enhancement of star formation, 
either during their infall into the cluster along 
the fi laments ( Mahaian et al. 2010t Porter et al 



20081), or in the first stages of their encounter 



with the hot ICM (pressure t r iggered star for- 



mation, 



Abramson et al. 2011: Sun et al. 2007 



Gavazzi et al.l 120011) . Thus SF dwarf galaxies are 



excellent probes to test the influence of the en- 
vironment on the process of star formation and 
galaxy evolution. 

The gas interchange of a galaxy with the 
environment is observationally well confirmed. 
For example, the ram-pressure stripping (RPS, 
Gunn &: GottJ [ 1972) can remove the interstellar 



medium (ISM) of a galaxy as it moves through 
the hot intracluster gas. Evidences of ongoing 
gas stripping, both in low and high luminos- 
ity galaxies, have turned out to be frequent in 
loca l Universe clusters, such as the Virgo clus 
ter (Fumagalli et al. 2011; Abramson et al. 2011J 



Ken ney & Koopm ann 1999 ), A1367 (Gavazzi et al 



200l|), and A3627 JSun et al.1l2007l) . In the Coma 



cluster core several galaxies have been observed 
showing clear signs of gas stripping , such as Ha 



Smith et al 



or ul tra-violet tails (jYagi et al.l 1201 
2010f ). Additional observational evidences exist 



confirming the gas strippi ng in clusters, such as 
truncated ionized gas disks ( Koopmann fc Kenne 
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I2OO4I; iKoopman n et al.l I2OO6I: ICedres et al.l 1200 
iJaffe et al. 2011) and disturbed gas kinematics 
( Jaffe et ^11201 ih . Moreover, the atomic gas prop- 
erties of cluster galaxies s e em to tell the same 



story (Havnes et al. 198^: Solanes et al. 2001 



Chung et al.ll2009HLevv et al.ll2007l ). 



Sii nulations Ce.g.lAbadi et al.lll999l : lMori fc Burkert 



2OOOI : iTonnesen et al.l l2007l ) suggest that RPS is 
efficient even up to the cluster virial radius and 
can remove completely the gas content in time- 
scales of ^ 10^ yr, comparable to the cluster 
crossing time. Additionally, RPS has been found 
to be a multi-stage process (jRoediger fc Hensler 
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20051 ) and recent sim ulations indicate that both 
varying ICM density ( Brtiggen fc De Lucia 2008t 
Tecce et ah. 2 010) an d inh omogeneities in the ISM 
" ronnesen fc BrvanI |2009[ ) are expected to play 
an important rol e in the gas stripping effect. 
Tecce et alj (j201l[ ) report that the gradient of ram 
pressure becomes steeper with increasing cluster 
mass; in the massive clusters (M ~ IO^'^Mq), the 
ram pressure at the core is ^ 100 times higher 
than at i? = ^2oc0: whereas in galaxy group-sized 
haloes the ram pressure at - R2nn is ~ 10% of the 
central value. iBekkil (|2009[ ) simulations suggest 
that even moderately strong ram pressure, e.g. in 
clusters of M ~ 10^"* M© or even in groups, could 
strip the hot gas halos of galaxies, an effect known 
as strangulation. In these simulations, the strip- 
ping of galactic halo gas seems to be more efficient 
than that of disc gas, and the efficiency increases 
with decreasing galaxy mass. 

Gas infall has also been proposed to take place 
in both low-mass irregular and high-mass spi- 
ral galaxies, in order to explain broad-band col- 
ors, gas fractions, SFR s, and m ctallicitics at low 
and high redshifts (see iDalcanto n 2007, and ref- 
erences therein). Additionally, interacting galax- 
ies can unde rgo nuclea r metal dilution due to gas 
inflows (Kewlev et al.li2010: Montuori et al.ll2O10t 



Rupke eral.ll2010HMichel-Dansac et al.ll2008[ ). re- 
sulting in the flattening of the gas-phase metal- 
licity gradients and altering their positions on the 
mass-metallicity relation (MZR). 

All these environmental effects described, on 
both the SFH and the gas content of a galaxy, 
would be expected to leave their imprint on galaxy 
metallicity. Even the most recent events of star 
formation can enrich the gas with metals, so gas 
metallicities should be very sensitive to trace 
ongoing changes o n the SFH and gas content 
(jEUison et al.l l2009l ). SF galaxies, through their 
ionized gas emission, provide this observable in- 
formation on nebular metallicity. Thus, studying 
the chemical abundances of SF galaxies in clusters 
can help appreciate the effect of the environment 
on the chemical evolution of cluster galaxies. 

Previous works (iMouhcine et al.l l 2007l : ICooper et al 
20081: lElhson et al.ll2009l) on the metaUicitv of SF 



^^200 is the radius from the cluster center which defines 
a sphere with interior mean density 200 times the critical 
density and is used as an approximation of virial radius. 



galaxies as a function of the environment have 
not provided conclusive results, as small varia- 
tions of ~ 0.05 dex have been derived. These 
works however, have been limited to the high stel- 
lar mass range, where there are not conclusive 
evidences whether the cluster environment could 
change significantly the SFH. Additionally, they 
have focused on the effect of local galaxy density, 
which possibly is not the only relevant parame- 
ter. Highlighting the cluster environment impact, 
HI deficient spirals in Virgo and Pegasus I clus- 
ters, have been found to be more chemically en- 



riched than normal spirals ( Skillman et al. 1996t 



spi 



Robertson et al. 20111). while this correlation be- 



tween HI deficiency and metallicity has not bee n 
observed for field galaxies ( Robertson et al.ll201l[) . 

The gas metallicity of SF dwarf galaxies in 
local Universe clusters has also been addressed. 
In Virgo dirr, the gas metallicity has not been 
found to show a clear trend with the envir onment 
( Vilchej Il995t llee et al.l l2003t IVaduvescu et al 



2007t) : however, iLee et al.l (|2003[ ) have found 



that five of these dIrr are gas deficient with re- 
spect to field dIrr at comparable oxygen abun- 
dances, and this gas deficiency correlates with 
the X-Ray surface brightness o f the ICM . Some 



SF dwarfs in Hydra cluster (|Duc et al.l 120011 ) 



have be en found metal-r i ch for their luminosi- 
ties and 'Vaduvescu et al.l ( 2011 ). comparing the 
MZR of SF dwarfs in Hydra, Fornax and Virgo, 
have suggested that differences in the MZR seem 
to exist for galaxies in such different environ- 
ments. Going to a more massive cluster (A2151), 



Petropoulou et al.l (|2011l ) have been able to ob- 



serve dwarf galaxies, located in the cluster core, 
showing higher metallicities for their mass. 

In the present study we extend these previous 
works, investigating the chemical history of SF 
dwarf galaxies in four clusters in the local Uni- 
verse: Coma (A1656), A1367, A779, and A634. 
Coma and A1367 are among the nearest very rich 
galaxy clusters, and both belong to the large struc- 
ture called the Coma supercluster. Recent insight- 
ful evidences on the assembly history and the SFH 
of the lo w-mass galaxy pop u lation in Coma super- 
cluster (jSmith et al.l boilt iMahaian et al.l l201ll 
2010 *) seem to indicate that it provides exemplary 



conditions for searching the potential imprints of 
the cluster environment on galaxy chemical enrich- 
ment. To investigate whether the mass of the host 
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cluster could play a significant role in the chemical 
evolution of SF dwarf galaxies, we include to our 
sample two lower-mass clusters: A779 and A634. 
In total, these clusters are the four Abell clusters 
with SDSS spectroscopic data, that fulfill the cri- 
teria: i) to be visible from the northern hemisphere 
{S > -25 deg), and ii) to be located at the same dis- 
tance at ^ 100 Mpc (0.02 < z < 0.03). Thus, the 
sample of clusters studied in the present work be- 
long to a semi-spheric shell of the local Univers^, 
and span a wide range of halo masses from 10^^ to 
IO^^Mq. 

We have used the latest spectroscopic release 
SDSS-III DR8, where new emission line measures 
have been provided, after correcting the spectra 
for the underlying stellar population. This is an 
important issue when deriving gas-phase metallic- 
ities, reducing biases that previous works could 
have been suffering. Additionally, three out of 
four of the present sample clusters were not in- 
cluded in previous releases than DR7. Anyway, 
they would have been excluded by the previ- 
ous studies on the gas-phase mctall icity of SPSS 



clust e r galaxies (lEllison et al. 2009i: ICooper et al 



20081: iMouhcine etal] l2007t ). due to the redshift 
cut-off implemented in these works. Moreover, 
our analysis include, apart from oxygen abun- 
dance, the N/0 ratio, a relevant observable to ap- 
preciate the effects on cluster galaxies (see also 



Petropoulou e t al. 2011). 



This paper is organized as follows: In ^ we 
describe the selection of the sample of SF dwarf 
galaxies in four nearby clusters, in S|3] we derive 
the spectroscopic properties of our galaxy sample 
and in [|4] their gas-phase metal abundances. In [J5] 
we discuss the MZR of our sample clusters and in 
^the chemical enrichment of the SF dwarf galax- 
ies relative to their HI mass content. In Sj7] we 
discuss the environmental effects that could affect 
the chemical evolution of cluster galaxies and fi- 
nally in fJ5]we briefly summarize the findings of the 
present work. In this work we adopt the cosniolog- 
ical parameters Ho=73 km s~^ Mpc^^, Oa = 0.73, 
f2o = 0.27. 



^In this semi-spheric shell are found three additional Abell 
clusters; A400, A539 and A2666, but they do not have 
SDSS spectroscopic data. Multifiber spectroscopic obser- 
vations for these clusters will be presented in a forthcoming 
work (Petropoulou et al.,in prep). 



2. THE GALAXY SAMPLE 

In this paper we study the chemical proper- 
ties of SF dwarf galaxies in the central region 
(up to ~ 3i?20o) of four nearby clusters (Coma, 
A1367, A779, and A634), using spectroscopic data 
of SDSS-III DR8. In Table[I]we give details on the 
cluster properties and in Table[2]we give details on 
the regions studied in this work (see the captions 
of both Tables). 

Coma is a very massive cluster, with very 
high velocity dispe rsion and X-ray luminosity 
(jLedlow et al.l 120031 ) . There are two central cD 
galaxies NGC 4874 and 4889, and a subcluster, 
projected to ~ 1.5 Mpc to the south-west of 
the core, and centered on NGC 48 39, appears 



to be merging with the main cluster ( Briel et al 



I992I : iNeumann et al.ir2003 ). A1367 reveals a com 



plex dynamical state (jCortese et al.l 120041 ) , with 



an elongated X-ray emission, showing multiple 
clumps, supporting a multiple merger sc enario 
(|Donnellv et al.lll998l : ISun fc Murravll2002[ ). Ad- 
ditionally, substructures falling into the cluster 



core ( Cortese et al.ll2006t Gavazzi et al.ll2003l ) sug- 
gest an early stage o f formation of the cluster. 



Cortese et al.l (|2008al ). based on UV photome- 
try, have found that star formation in Coma is 
substantially suppressed compared to that in the 
field, while A 1367 has an abundance of br ight SF 
galaxies (see llglesias-Paramo et al. 2002). The 
optical luminosity function of galaxies has a much 
steeper faint-end slope in C oma than in A1367 
(jlglesias-Paramo et al.ll2003l ). On the other hand, 
A779 and A634 are two clusters of very low ve- 
locity dispersion. A634 X-ray luminosity is at 
the ROSAT detection limits, while A779 presents 
a nearly circular X-ray emission around the cD 
galaxy NGC 2832. 

Cluster galaxies were selected using spectro- 
scopic redshift information. In Figure [1] we plot 
the velocity histograms of all galaxies with SDSS 
spectroscopic data in the areas considered. We 
perform a gauss fit to the velocity distribution of 
each cluster. The central velocity obtained by the 
fit is in good agreement with the mean cluster ve- 
locity given by NED, indicated in Figure [T] We 
consider as cluster galaxies all the galaxies with ve- 
locities Vcius±3(Tv, where Vcius is the mean cluster 
velocity and CTv is the dispersion given by the fit. 
In Table [2] we give the velocity range considered 
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Table 1 
Cluster Properties 



Cluster 


RA 


DEC 


z 


(7v 


m-M 


Scale 


.^200 


Me! 


Lx 




J2000 


J2000 




(km s"i) 


(mag) 


(Mpc dog"^) 


(Mpc) 


(Me) 


(10''^ org s~i) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


A1656 


12 59 48.7 


27 58 50 


0.0231 


1008 


35.06 


1.79 


1.73 


1.2 X 10^^ 


9.30 ± 0.14 


A1367 


11 44 29.5 


19 50 21 


0.022 


879 


34.95 


1.71 


1.51 


8.1 X lO" 


2.30 ± 0.08 


A779 


09 19 50.8 


33 46 17 


0.0225 


339 


34.92 


1.68 


0.58 


4.6 X 10^^ 


0.29 ± 0.04 


A634 


08 14 33.7 


58 02 52 


0.0265 


391 


35.23 


1.94 


0.67 


7.1 X 10^^ 


< 0.08 



Note. — Column 1: Cluster; Column 2: Right ascension in hours, minutes, and seconds of cluster center as given in NED; Column 
3: declination, in degrees, arcminutes, and arcseconds of cluster center (NED); Column 4: cluster mean redshift (NED); Column 5: 
cluster velocity dispersion in km l|Struble &z Roodlll99g|) : Column 6: cluster distance modulus in magnitudes (NED); Column 
7: cluster scale in Mpc deg~^; Column 8: cluster i^2 QQ ii^ Mpc a s deri ved using Equation (8) of IFinn et~an (120051) : Column 9: 
cluster mass in Mq , as derived using Equation (10) of lFinn' et al.l <2005f) : Column 10: ROSAT X -ray luminosity Lx in units 10 
ergs""^ l ILedlow et al.ll2003l) . 



Table 2 
cluster regions considered 



Cluster 


Area 


z 


Total 


Dwarf 


SF 


Dwarf SF 


Dwarf 


Dwarf SF 




deg" 












R200 




A1656 


5.7 X 5.7 


0.015-0.0323 


1017 


616 


194 


148 


293 


25 


A1367 


5.2 X 5.2 


0.015-0.0323 


564 


356 


238 


191 


107 


41 


A779 


2x2 


0.0189-0.0275 


106 


66 


32 


31 


26 


7 


A634 


2x2 


0.0246-0.0293 


97 


60 


34 


26 


24 


10 


Note.— 


-Column 1: 


Cluster; Column 2: 


Square 


area studied in 


dcg^; Column 


3: The 


redshift range 



considered for each cluster; Column 4: Total number of galaxies in the considered area and velocity 
range; Column 5: Number of dwarf (zmag > 15) galaxies; Column 6: Number of SF galaxies; Column 
7: Number of SF dwarf galaxies; Column 8: Number of dwarf galaxies at distances R < i?200 from the 
cluster center; Column 9: Number of SF dwarf galaxies at distances R < R200 from the cluster center. 
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for each cluster, and the total number of galaxies 
with SDSS spectroscopic data found within the 
area considered and within the respective velocity 
range. 

To select the dwarf galaxies, as the four clusters 
are located at similar dist ances (m-M~35 . 0), we 
adop t the criterion used bv lMahajan et aL ( 20101 
l201l[ ): Mz>15, which results in a selection of ~ 
(M* + 2) < <^ (M* + 4), a ssuming M* = 



-22.32 ffrom iBlanton et all 120011) and the SDSS 
upper magnitude limit r = 17.77. This criterion 
yields to a sample of galaxies of log mass range 
~ 8.0-10.0 Mq. 

From this sample we select the SF dwarf galax- 
ies adopting the criteria: SDSS BPT class=l (clas- 
sificatio n as star-forming, b ased on the BPT di- 
agram, iBaldwin^er^ [l98ll), and signal to noise 
(S/N)> 3 for the lines [O ill] 5007, [N ii] 6584, 
Ha, H/3, [S II] 6717, [S ii] 6731. Finally, we have 
taken special care to include to our final sample 
of SF dwarf galaxies one spectrum per galaxy (a 
few galaxies have multiple observations), as well as 
to exclude spectra that correspond to distinct H 
II regions of some parts of galaxies, because these 
spectra provide substantially underestimated mass 
values (see The number of SF dwarf galax- 
ies for each cluster is given in Table [2j For these 
galaxies we calculate the distance R from the clus- 
ter center given in units of the i?2oo- In Table[5]we 
also give the number of SF dwarf galaxies located 
in the cluster core, at distance R < R200, and the 
total number of dwarf galaxies at i? < i?2oo for 
each cluster. 

We note that there are more SF dwarf galaxies, 
showing low S/N emission lines (the galaxies with 
BPT class=2 in SDSS), in the areas of the clusters 
of our sample, specially of Coma. These galaxies 
could be suffering the quenching effect of the clus- 
ter environment, illustrated well in studies based 



on the Hq EWs o f SF g alaxies (e.g. iBalogh et al 
2004 iRines et all |2005| ). In the present work. 



given that a high S/N emission line spectrum is 
required to derive properly spectroscopic proper- 
ties (e.g. reddening coefficients) and gas metal- 
licities, we do not include in our galaxy sample 
the low S/N SF population (we call them class 2 
population). By doing this, we probably consider 
the more recently accreted galaxies to the cluster 
environment, and as a consequence the potential 
suppressing of their star-formation could be ob- 



served in an early stage. As we will discuss in 
SJH the behavior of class 2 population would not 
change the conclusions of this work. 



Poggianti et al.l (|2006[ ) , based on a large sample 



of clusters, sampling the whole mass range from 
groups to massive clusters, have been able to show 
that the fraction of SF galaxies depends on galaxy 
mass, both for clusters at high-z and low-z. These 
authors found that about 20% of the galaxies in 
clusters at z ~ with a > 500 km s^^ arc SF. 
Due to the SN restrictions, and the SDSS spec- 
troscopic data incompleteness (specially in clus- 
ters, due to constrain ts in the fiber placement, see 
Blanton et al1l2005al lbl). our galaxy sample is not 



a complete sample of the SF galaxies in these clus- 
ters. Thus, we sho uld not compare our da ta with 
the rates found bv IPoggianti et aL ( 2006 ). How- 
ever, the goal of this work is to investigate the 
imprint of the cluster environment on the chemi- 
cal evolution of SF galaxies in clusters, the general 
quenching effect in clusters being well established 
by several previous works. 

Figure [2] shows the color g-i histogram of dwarf 
galaxies (green line) , SF dwarf galaxies (blue line) , 
and SF dwarf galaxies to i? < i?200 for each clus- 
ter (note that logarithmic scale has been used 
for Coma). It is well illustrated that the dwarf 
galaxy population in these clusters is composed 
by two main populations, red and blue, produc- 
ing two maxima in the color histogram at g-i~ 0.6 
and g-i^ 1.1, following the gener al bimodal dis 



tribu t ion of the galaxy po pulation (jStrateva et al 



200 ll : iBaldrv et all \2004 . Coma, has a larger 



fraction of red-sequence over blue SF dwarfs, in 
agreement with its low fraction of spiral galaxies 
( Dressier Il980h . The dynamically younger cluster 
A1367, in turn, hosts an almost equivalent blue 
and red dwarf population, as well as a larger num- 
ber of SF dwarfs inside i?200- These differences 
are in agreement with previous findings on the 
color-magnitude diag r ams of these clusters (e.g. 



Mouhcine et al.ll201lt [Terlevich et"alll200ll) . We 



note that in all clusters there are some SF galax- 
ies with red colors and that the SF dwarfs at 
R < -R200 span the whole color range. We have 
performed Kolmogorov-Smirnov (KS) tests which 
have shown that the SF dwarf galaxies to distances 
R < -R200 and those to distances i?200 < R < 
3i?2oo are statistically indistinguishable with re- 
spect to their g ~ i color for Coma, with a prob- 
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ability of 89%. Smaller probabilities have been 
found for the three remaining clusters (for A779 
and A634 possibly due to the lower galaxy num- 
ber). 

iKewlev et al. argued that using the 

3-arcsec diameter aperture of the SDSS spec- 
tra to estimate SFRs and metallicities of late 
type galaxies located at 2: < 0.04 could intro- 
duce systematic biases. This is due to the sig- 
nificant radial metallicity gradie nts that can be 
found in SF spiral galaxie s (e.g Kennic utt et al.l 



coefficient c(H/3) shows a tight cor relation with 
their flux at 24/zm, in the line of iRelaho et al. 
who suggest that the dust responsible for 



2OO3I : iMagrini et all 120071 : iBresohn et al. ,2QQa) 



However, in this work we focus our attention 
to dwarf/irregular galaxies, where spatial metal- 
licity gradients are not expected to be impor- 
tant ( Kobulnickv &: Skillmanlll997 : van Zee et al 



20061 |vanZee_&Haynef^'2006'). Thus, taking into 



account the smaller diameter of dwarfs, we do not 
expect aperture biases to be important for the 
galaxies of the present sample. 

3. SPECTROSCOPIC PROPERTIES 

SDS S-III DR8 provi d es new emission line mea- 



iBrinchmann et al 



sures (jTremonti et al 

20041) . derived after correcting the spectra for 



the underlying stellar continuum, using the high- 



resolu tion population synthesis models of lBruzual fc Chariot 
(|2003[ ). The Balmer emission lines can be severely 
affected by the absorption of the underlying stel- 
lar component (jMartin-Manion et al. 1 120081 l2010h 
and this would affect the derived values of the red- 
dening coefficient, the line indices and, as a con- 
sequence the gas-phase metallicity (see This 
effect is expected to be negligible here, allowing a 
reliable study of the galaxies' gas metallicity. We 
find that DR8 measures of Balmer emission lines 
such as H7 and US are significantly improved as 
compared to DR7 spectroscopic data. 

We use the Balmer emission lines Ha, H/3, H7 
(and where the S /N permits also Hi5) to derive the 
reddening coefficients c(H/3) for our s ample of SF 
galax ies, using Case B approximati o n (lOsterbrock 
19891 ). adopting the ICardelh et al.l (ll989|) extinc- 
tion law, and tak ing into accoun t the l ine mea 



the Balmer extinction should be emitting at 24 

The presence of both singly and doubly ionized 
oxygen line transitions in the optical wavelengths 
has permitted to develop an eff icient metallic- 
ity calibration (jPagel et al.l Il979l) based on the 
indicator R23=([0 il] 3727-h[0 III] 4959+[0 ill] 
5007)/H;3. Obtaining the [O 11] 3727 line mea- 
sures from DR8, however, resulted problematic. 
Although some spectra present high S/N [O 11] 
3727 line, no measure is provided by DR8. For 
the galaxies that SDSS does not provide [O 11] 
3726,3729 measures with S/N> 3, but [O 11] 3727 
is detectable in the spectrum with S/N> 3, we 
measure the [O 11] 3727 integrated flux. We have 
verified that our measures and DR8 give consis- 
tent emission line fluxes for several emission lines 
(e.g. [N 11] /Ha and [N 11] /[O 11] , when there is [O 
11] ) . Table [3] presents the number of galaxies for 
which we have SDSS [O 11] 3726,3729 measures, 
the number of galaxies for which we measure in- 
tegrated [O 11] 3727, the total number of galaxies 
with [O 11] measure and the total number of SF 
dwarf galaxies for A1656 and A1367. 

Despite this effort, we could not obtain [O 11] 



surements error. Mahajan et al. ( 2010l ) provide 



Spitzer MIPS 24^m flux for a sample of Coma 
cluster galaxies. From this sample, 25 galaxies 
belong to our sample of SF dwarfs. For these 
25 galaxies we find that the derived reddening 



3727 for all galaxies belonging to the four clus- 
ters of z-0.023. This is because [O 11] 3727, red- 
shifted to this velocity, lie at the edge of the wave- 
length range covered by SDSS spectroscopy. We 
have performed Kolmogorov-Smirnov (KS) tests 
and have verified that the subsample of galaxies 
with [O 11] measured (by DR8 or this work) and 
the whole sample of SF dwarf galaxies are statis- 
tically indistinguishable in their properties: M^, 
metallicity (by PMC09, see fj4|) and mass. We con- 
clude that the lack of [O 11] measures is a random 
effect, due to the radial velocity of each galaxy for 
the cluster velocity dispersion, and does not cor- 
relate with any of the fundamental galaxy proper- 
ties. 

We have used the reddening corrected line 
fluxes for our sample of galaxies to compute five 
standard optical line ratios, that we show in Figure 
[21 combined into three commonly used diagnos- 
tic diagrams. Our sample galaxies show typical 
line ratios of normal SF dwarf galaxies. Addi- 
tionally, the galaxies located at i? < -R200 span 
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Table 3 

Galaxies with [O ii] 3727 measures 



Cluster 


DR8 


New 


Total 


All 


A1656 


35 


52 


87 


149 


A1367 


42 


48 


90 


194 




5000 10000 .Hecii, 5000 10000 



Fig. 1. — The radial velocity histogram for 
all galaxies with SDSS-DR8 spectroscopic data 
within 3i?2oo from the center of each cluster. The 
velocity bin is 100 km s~^. The dashed line repre- 
sents the mean cluster radial velocity as given in 
NED (Coma: cz=6930 km s^^; A1367: cz=6600 
km s-^ A779: 6750 km s^^; A634: 7950 km s^i). 
The dashed region indicates the adopted velocity 
range at ±3crv around the mean cluster velocity. 




0.0 0.5 c-i 1.0 1.5 



Fig. 2. — The color g-i histogram of dwarf galax- 
ies (green line) , SF dwarf galaxies (blue line) , and 
SF dwarf galaxies to i? < i?200 (magenta line) 
for our clusters sample. Logarithmic scale is used 
for A1656. No correction has been performed for 
the galactic extinction, and the shift observed for 
A634 towards redder colors is consistent with the 
slightly higher galactic extinction suffered by this 
cluster. 
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the whole range of values in all diagrams, not 
showing any peculiarity with respect to the spec- 
troscopic properties of their ionized gas. Figure |4] 
shows the excitation as measured by [O III] /H/3 
versus EW(Ha) (that we derived from the stel- 
lar absorption corrected Ha flux and the adjacent 
continuum as provided in DR8) for the SF dwarf 
galaxies in Coma (left) and A1367 (right). Filled 
symbols represent galaxies to distances R < -R200 
and again, we see that the galaxies in the clus- 
ter core are not different from the rest regarding 
excitation. 

We have also obtained the median estimate 
of the total stellar mass of the galaxi es from the 
MPA -JHU spectroscopic catalog (jKauffmann et al. 



20031 ) ■ We have found that this galaxy mass esti- 
mate is consistent with the mass we derived using 
the k-correct algorithm ( Blanton &: R oweis 2007,'). 
We also have found a good agreen ient between the 
MPA- JHU mass estimates and iMouhcine et al.l 
POIII ) galaxy masses, derived by K band imag- 
ing, for 7 galaxi es of our sample that b elong also 
to the sample of Mouhcine et al.l ( 2011 ) . 



4. OXYGEN ABUNDANCES 

Accurate abundance measurements require the 
determination of the electron temperature, which 
is usually obtained from the ratios of auroral to 
nebular line intensities such as [O ill] 4363 over 
[O III] 5007. This is often referred to as the 
"direct" method. When auroral lines are not 
detected, empirical methods are generally used, 
based on the ratios of bright forbidden lines to 
hydrogen recombination lines. Among these, the 
most widely used abundance indicator is the R2311 
index (a lthough still carrying signific ant hazards, 
e.g. see IPerez-Montero fc Dia^ 2005 ). Another 
extensively used p arameter to derive gas phase 
metallicities is N2^ J Storchi-Bergmann et al I1994I: 



IPerez-Montero fc Continil l2009l PMC09 from 



now). The use of this parameter has two impor- 
tant advantages: the relation between N2 and the 
oxygen abundance is single-valued and the emis- 
sion lines involved are very close in wavelength, 
so the N2 parameter is almost free of uncertain- 
ties introduced by reddening correction or flux 
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Fig. 3. — Five line ratios combined into three 
generally used diagnostic diagrams for SF dwarf 
galaxies in Coma (triangles), A1367 (stars), A779 
(squares), and A634 (circles). Filled symbols cor- 
respond to galaxies at i? < i?200- Our sample 
galaxies show values typical of normal HII galax- 
ies. 



3R23=([0 ii] 3727+[0 hi] 4959+[0 iii] 5007)/H/3 
'*N2=Iog([N II] 6584/Ha) 
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1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5 

log EW(Ha) log EW(Ha) 



Fig. 4. — The [O ill] /H/3 versus EW(Ha) for SF dwarf galaxies in Conia (A1656, triangles) and A1367 
(stars). Filled symbols represent galaxies at i? < i?2oo- 



calibration. A thir d very useful index is 

Hii), 

which shows a relatively 



(Alloin et al 



tight and linear relati onship with 12+log(0/H) 
(jPettini k Pagell |2004 from now on PP04) for 
03N2< 2. 

The calibration of these parameters can be em- 



20051: iPilvugin et al.ll20ia from now PIO), that is 



pa 

pirica l fe.g.lPettini fc Pas:ell2004l: IPilvugin fc Thuan 



using direct measurements of the oxygen abun- 



theoretical (e.g. McGaughlll99 


1 Kewlev & Dooita 


2002; Tremonti et al. 2004 


Nagao et al.l 20061 


Dors et al.l 2011). that is using Dhotoionization 



models covering different ranges of physical pa- 
rameters. Though, it ha s long been reported (e.g. 
Kewlev fc Ellison 2008f) that there exist system- 
atic differences that can reach up to ~ 0.5 dex 
between most model and empirical calibrations, 
specially in the h igher metallicity regime (but see 



Dors et al.ll2011[ ) 



A strong hint that the direct measures and 
the empirical calibrations should yield metallici- 
ties cl oser to reality was given by iBresolin et al. 
(l2009l) . These authors derived the metallicities 



of 28 H II regions in the galaxy NGC300 using 
the direct method, and found that these metallici- 
ties agree with the abundances derived from young 



massive stars, with stellar and nebular abundances 
giving virtually coincident slopes and intercepts 
of radial gradients. An important quantity that 
should be taken into account when comparing stel- 
lar and nebular oxygen abundances is the amount 
of oxygen depleted o nto dust grains in ioniz e d neb- 
ulae. According to ^ Peimbert fc Peimbert 
this fraction a mounts to about 0.1 dex for low- 
mass galaxies. Bresolin et al. ( 2009f) discussed this 
effect and found that, even considering a gas de- 
pletion factor of —0.1 dex, the intercepts of the 
nebular and stellar abundance gradients would be 
consistent. Then they compared their direct es- 
timates of the metallicity of the ionized gas with 
the most widely used model calibrations, and they 
report that model calibrations yield higher metal- 
licities of about a factor of two in the 0/H range 
derived. On the contrary, the abundances de- 
rived using empirical calibrations use to be in good 
agreement with their direct measure ments. An- 
other strong hint was given recently bv lDors et al 
pOllh . These authors produced models that re- 



503N2=Iog{([0 III] 5007/H^)/([N ii] 6583/Ha)} 



produce 0/H estimates consistently with the val- 
ues derived using the direct method, for the upper 
range of 0/H values, where all previous models 
showed systematic discrepancies. 

ISimon-Diaz fc Stasinska ( 2011 ) derived the 
0/H abundance ratio using 13 B type stars from 
the Orion star forming region and obtained an 
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excellent agreement with the 0/H recombina- 
tion line abundances derived for the Orion nebula 
by lEs tcban ct al. (20o 3) For the Orion nebula 
ISimon-Dfaz fc Stasihskal (|2011[ ) considered a cor- 
rection of ~0.12 dex due to the dust grain deple- 
tion, that is i n excellent agreement with the value 
estimated by iMesa-Delgado et alJ (j200i). bmce 
recombination lines are generally very weak they 
are not observed in our sample of galaxies. In any 
case, this analysis is based on the relative com- 
parison of galaxy metallicities; thus no relevant 
effect is expected from the derivation of absolute 
abundances. 

In this work we use the empirical calibrations 
of PIO, N2 calibration of PMC09, and 03N2 cali- 
bration of PP04 to derive the oxygen abundances. 
We note that for our sample of galaxies always 
03N2 < 2, lying in the vahd range of PP04 cali- 
bration. In Figure [5] (left) we compare the oxygen 
abundances derived using the PMC09 and PP04 
calibrations for the galaxies in the two most pop- 
ulated clusters of our sample, and we can see a 
very good agreement. The use of the PIO empir- 
ical calibration requires the measure of the [O ii] 
3727 line, that we do not have for all our sam- 
ple galaxies, see ^ In Figure [S] (middle) we com- 
pare the oxygen abundances derived using the PIO 
and PMC09 calibration, for those galaxies with 
[O ii] measured. We see that the PMC09 calibra- 
tion yields slightly higher metallicities 0.1 dex) 
than PIG calibration, i n agreement with our pre - 
vious considerations in iPetropoulou et al. I (1201 ih . 
We also derive the oxygen abundance of galaxies 



with [ O ii] measures using the model of lDors et al 
poill ). based on the diagnostic diagram [O ill] 
/[O II] versus [N ii] /[O ii] E We find that 
these models systematically underestimate metal- 
licities for 12-|-log(0/H)<8.2. On the contrary, 
for 12-|-log(0/II)>8.2, we find a good agreement 
with the empirical PILIO estimates (see Figure EJ 
right). 

In order to avoid limiting our sample only to 
galaxies with [O ii] measures, in the following 
we use the PMC09 calibration of the galaxy oxy- 
gen abundance. We are aware that PMC09 could 
slightly overestimate (^ O.ldex) the galaxy O/H 
abundance, but as discussed later on, we do not 



^We here adopt the value 12-|-Iog(0/H)(7) =8.69 for the solar 
oxygen abundance l lAsplund et al.ll2009l ). 



expect this to affect our discussion, as we always 
perform careful comparison of metallicities derived 
using the same method. We also use the N2S2 cal- 
ibration of PMC09 t o derive N/0 ratios for ou r SF 
dwarf galaxies as in iPetropoulou et al.l (|201l[ ). 

In order to illustrate the properties of our galax- 
ies, in Figure [5] we plot the Ha flux of the SF 
region covered by the SDSS fibre, for the SF 
dwarf galaxies in Coma (triangles) and A1367 (di- 
amonds), versus the EW(Ha). The Ha fluxes have 
been corrected for extinction (from the derived 
c(H/3), see and have been transformed to an 
equivalent number of ionizing photons Q(H), un- 
der the assumptio n that no ionizin g photons es- 
cape the galaxies (lOsterbrock Il989l) . The points 
are color coded to the derived galaxy metallic- 
ity. Then we add the l oci of Starburst99 mod- 
els ( Leitherer et al. 19991) for instantaneous bursts 
of total mass M^. = IO^Mq (continuous lines) 
and = IO^Mq (dashed lines) in massive stars 
for metallicities Z=0.02 (in red), Z=0.008 (green), 
and Z=0.004 (black). According to these models, 
and assuming single bursts, the SF regions studied 
would span a mass range of ^ 10^ — lO^M©. 

5. THE MASS-METALLICITY RELA- 
TION 

In Figure [7] we plot the galaxy metallicity, as 
measured by 12-|-log(0/H), versus galaxy stel- 
lar mass, for the SF dwarf galaxies in Coma 
(A1656, triangles), A1367 (stars), A779 (squares), 
and A634 (circles). Filled symbols correspond to 
galaxies to a distance R < -R200 from the cluster 
center. We see that the SF dwarf galaxies fol- 
low well defined sequences on these plots. Having 
a look at the MZR of A1656 and A1367, we ob- 
serve that at low galaxy masses (IO^Mq < M^, < 
IO^Mq), the derived metallicities cover a range of 
~ 0.4 dex, while at higher masses (lO^M© < < 
10^^ Mq) the relation becomes tighter, appearing 
to shape a triangle instead of a simple linear cor- 
relation. Additionally, we observe that, for the 
same bin of mass, galaxies at i? < i?2oo are pref- 
erentially located at the upper part of the global 
sequences. For the two clusters (A779, A634) of 
lower mass, we do not verify neither of these two 
features, as we discuss in the following. 

We first note that the behavior observed seems 
independent of the abundance calibration used. 
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-0.3 -0.2 -0.1 -0.0 0.1 0.2 
log(0/H) (PMC09) - log(0/H) (PP04) 



-0.2 0.0 0.2 0.4 0.6 -0.4 -0.2 0.0 0.2 0.4 

log(0/H) (PMC09) - log(0/H) (PIL10) log(0/H) (D0RS11) - log(0/H) (PIL10) 



Fig. 5.— Left: The difference of 12+log(0/H) derived using PMC09 and PP04 calibrations. A1656: contin- 
uous, A1367: dashed line. Middle: T he same be t ween PMC09 and PILIO cahbrations, for galaxies with [O 
ll] measured. Right: The same using IPors et al.l ( 2011 ) models and PILIO cahbration (for galaxies with [o 
li] measured and 12+log(0/H)DORSii >8.2). 




Fig. 6. — The number of ionized photons Q(H), as 
measured by the Ha flux of the SF region cov- 
ered by the SDSS fibre, for our sample of SF 
dwarf galaxies in Coma (triangles) and A1367 
(diamonds), versus the EW(Hq;), color coded to 
the derived galaxy met allicity. Lines repre sent 
the Starburst99 models ( Leitherer et al. 1999() for 
instantaneous bursts of total mass in massive 
stars = lO^Af0 (continuous) and A/^ = 

10*5 Mq (dashed) and mctalhcities Z=0.02 (in red), 
Z=0.008 (green), and Z=0.004 (black). 



When we use the PP04 calibration of 03N2, we 
obtain the same mass-metallicity sequences and 
the SF dwarf galaxies in the core of A1656 and 
A1367 still crowd the upper part of the MZR (we 
can not do the same using PIO calibration because 
we do not have enough galaxies with measured [O 
ii] inside i?20o)- As a consequence, the effect ob- 
served seems to be significant, despite the intrinsic 
errors of the N2 and 03N2 calibrations. 

Second, in fj3]we have verified that our sample 
galaxies do not show any systematic differences re- 
garding excitation, as a function of their location 
in the cluster (in or out i?2oo)- Thus, the higher 
metallicities derived for galaxies at i? < i?200, with 
higher [N li] /Ha , are not biased by excitation ef- 
fects (see iBerg et al.l 2011 . for a thorough discus- 
sion on this effect). 

The third sanity check has been to test whether 
the position of the SF dwarfs at i? < i?200 on the 
MZR, is the result of some bias in the mass es- 
timate. We have found that galaxy stellar mass, 
versus other galaxy properties, such as broad-band 
colors and excitation, do not show any correlated 
dependance of the cluster-centric distance of the 
galaxies. After all these tests, we assume that 
the shift observed toward higher metallicities, for 
galaxies at i? < i?200) mainly in Coma, should not 
be the result of some bias in the abundance and / or 
mass estimates. 

In order to explore further the trends that ap- 
pear in Figure [71 we have performed a bisector 
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linear fit to the MZR of each chister, consider- 
ing first the galaxies at i? < i?2oo, second the 
galaxies at i? > i?200, and third all the galax- 
ies together. In Tabled we present the obtained 
slopes and the corresponding errors from the dis- 
persion around the linear fit. We observe that the 
MZR fits for galaxies at i? > i?2oo h ave slopes 
0.3 for all the clusters of our sample. iLee et al" 



(j2006l ) have derived the MZR for 25 nearby dwarf 
irregular galaxies (10^ < M < lO^Mfr^), extending 
the well-known SDSS MZR (iTremon ti et al.'lioM) 
to the lower mass range. iLee et a l. (2006) have 



found a very tight correlation, over the whole stel- 
lar mass range, with slope ~ 0.3; thus the slopes 
derived here are in very good agreement with their 
results. As we discuss further in Sj7]this value of 
the slope is supported by the sem i-analytic models 
and hy drod ymanic simulation s of lFinlator &: Dave 
( 2008 ) and Dave et al] ( 2011 1 where momentum- 
driven wind scalings are introduced to explain the 
MZR. 

For Coma, and to less extend for A1367, a flat- 
tening of the MZR is observed when considering 
galaxies inside -R20O1 with the fits showing clearly 
smaller slopes, within the quoted errors (see Table 
3]). This is made evident in Figure [71 where we plot 
with a continuous line the linear fit for galaxies at 
R < ^200 and with dashed line the fit correspond- 
ing to galaxies at R > i?2ooIZl For A779 and A634, 
considering the large errors (due to the reduced 
number of SF dwarf galaxies in these clusters), we 
do not appreciate any difference in the slope inside 
and outside the cluster core. In Figure [7] we plot 
the overah fit to the MZR for A779 and A634. 

In FigurelHwe plot the N/0 ratio versus galaxy 
stellar mass, and again we find a good correlation, 
even tighter than the MZR, for all our clusters. 
Again, filled symbols correspond to galaxies to a 
distance R < R200 from the cluster center. As 
before, galaxies in the cluster core of Coma and 
A1367 tend to crowd the upper part of the global 
sequence. Oxygen, produced in Type II SNe, is 
typically released after ^^10 Myr, while the bulk of 
nitrogen is produced and released over a substan- 
tially longer period, > 250 Myr. This is an im- 
portant piece of information to take into account 



'^We note here that the class 2 population refered to in ijjl 
span the higher mass range, where we have seen that the 
MZR becomes tighter, and had it been included, would not 
have significantly changed the derived slopes. 



when one attempts to identify the mechanisms rel- 
evant for the chemical evolution of cluster galax- 
ies. As we will discuss further in [jTl this chemical 
"clock" seems to imply that if there is an envi- 
ronmental effect driving the observed difference in 
the abundance ratio, this should be acting since 
at least 10® yr ago. 

Observing the triangular shape of the MZR 
of A1656 and A1367 in Figure [71 we investi- 
gate whether there could be a physical cause 
for the galaxies showing lower metallicity for 
the same bin of mass. The MZR has been 
found to show a second pa r ameter dependence on 
SFR (lAmorfn et all I2 OIO': 'Mannucci ct al."2010'; 
Lara-Lopez et al] 2010; .Cresci et al . 2011). This 



can be easily understood by the correlated behav- 
ior of gas-phase metallicity and SFR after a gas 
infall event: when a galaxy accreates metal-poor 
gas, its metallicity is diluted to values typical 
of lower mass galaxies, while its final mass in- 
creases, and concequently the galaxy moves below 
the MZR. In the same time, the presence of large 
amount of gas stimulates star-formation, and this 
is the reason why galaxies with higher SFR have 
lower metallicities at a given stellar mass. This 
should be a transient phase, and when the galaxy 
will consume the gas, producin g the new metals . 



will return to t he mean MZR (jPave et al 
Dalcantonir2007l ). 



2011 



Mannucci et al 



claimed that the MZR 
is the projection in the 2D space of a more fun- 
damental 3D relation between stellar mass, gas 
metallicity and SFR and proposed the quantity 
/I = log M^, — 0.32 log(SFR) which defines a projec- 
tion of the MZR that minimizes the scatter of local 
galaxies. We have used the me dian estimate of the 



total SFR provided by DR8 (jBrinchmann et al 



20041 ) to explore whether the quantity /i could de- 



crease the scatter observed in Figure [71 The SDSS 
SFR estimates have been derived by combining 
emission line measurements of the fibre spectrum 
and applying aperture corrections by fitting mod- 
els to the photometry outside the fibre (as in 
iGallazzi et"al]l2005t ISahm et alJl2007l ). In Figure 
[Hwe plot the oxygen abundance 12-|-log(0/H) ver- 
sus /i for the SF dwarfs in A1656 and A1367, and 
we see that the scatter drops for the galaxies at 
lower metallicities for the same bin of mass (the 
Spearman's correlation coefficient increases from 
0.73 in Figurelllto 0.77 in Figure[9lfor A1656, and 
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Table 4 
Slope of MZR fit 



Cluster R < R200 R > R200 All 



A1656 0.19 ±0.03 0.33 ± 0.03 0.30 ± 0.02 

A1367 0.28 ±0.03 0.36 ± 0.02 0.33 ± 0.02 

A779 0.30 ±0.11 0.28 ± 0.05 0.29 ± 0.04 

A634 0.37 ± 0.15 0.29 ± 0.07 0.32 ± 0.05 
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Fig. 7. — The oxygen abundance 12+log(0/H) versus stellar mass for SF dwarf galaxies in Coma (A1656, 
triangles), A1367 (stars), A779 (squares), and A634 (circles). Filled symbols correspond to galaxies at 
R < i?200- For Coma and A1367: the continuous line is the linear fit for galaxies at i? < i?2oo and the 
dashed line the fit for galaxies at i? > i?200- For A779 and A634 the continuous line is the linear fit 
considering all galaxies. 



14 




Fig. 8. — N/0 versus stellar mass for dwarf SF galaxies in Coma (triangles), A1367 (stars), A779 (squares), 
and A634 (circles). Filled symbols correspond to galaxies inside i?200- For Coma and A1367: the continuous 
line is the linear fit for galaxies at i? < i?200 and the dashed line the fit for galaxies at i? > i?200- For A779 
and A634 the continuous line is the linear fit considering all galaxies. 
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from 0.80 to 0.83 for A1367). However, the sep- 
aration we observe in the MZR between galaxies 
inside and outside i?200 is kept equahy. 

Moreover, in this metal dilution scenario, the 
N/0 ratio should not be affected (e.g. the "green 
pea" galaxies show norm al N/0 ratios for their 



pea galaxies snow norm al IN/U ratios tor tneir 
mass. lAmorm et al. 2010[ ). and the relation be- 



tween N/0 versus stellar mass should not show 
correlated scatter. However, as Figure [5] shows, 
the N/0 ratio segregates galaxies inside i?200, 
these galaxies also showing higher N/0 ratios 
for the same bin of mass. The effect of in- 
falling gas is expected to be more releva.nt for 
galaxies at high redshift (e.g. ^Cresci e t a~ 2010t 
Tacconi et all l2010t iDekel et al. 2009), thus the 
fundamental m e tallici ty relation indroduced by 
Mannucci et al. 1 (I2OIOI) ' considerably accou nts for 
the evolution of the MZR with redshift (|Erb et al.l 
20061: iMaiolino et al.|[200l iMannucci et all 1 200911 
But in the local Universe, where our sample of 
clusters are located, different mechanisms should 
be invoked to explain the trends observed. 

The question arises now as to whether the 
galaxies inside -R200 have evolved in a different 
way than the other cluster galaxies, rendering 
them chemically more enriched than the galaxies 
at i? > i?200j or alternatively whether less metallic 
galaxies, for the same bin of mass, are more vul- 
nerable to the quenching effect of the cluster envi- 
ronment, and this could be the reason we do not 
observe them preferentially in the cluster core. To 
investigate the second idea we searched whether 
there is any observable trend with the distance 
from the cluster center of the morphological type 
of our sample of SF galaxies. 

We have calculated the standard concentration 
index C = R90/R50, where i?90 and i?50 are the 
radii enclosing 90 and 50 per cent of the Petrosian 
r-band luminosity of the galaxy. We have found 
that our sample galaxies show typical C values 
as related to late- type galaxies (^ 2.3 — 2.5, see 



e.g iShimasaku et al .1 12OOH IStrateva et al.l I2OOID 

and we see no trend of the C value in and out 
-^200- We have additionally checked that galax- 
ies in the same bin of mass do not show any 
concentration-metallicity correlation. A more de- 
taile d morphological study co uld be of interest 
here; Pennv fc Conselic3 ( 201l[ ) found remarkably 
smooth structures of dwarf galaxies in the Perseus 
cluster, and suggest that dwarfs in cluster cores 



should be highly dark matter dominated to pre- 
vent their tidal disruption by the cluster poten- 
tial. In the present study we can not verify the 
hypothesis that SF galaxies inside i?200 are more 
concentrated/compact, and consequently more re- 
sistent to the hostile cluster environment. Thus, 
morphology does not seem to explain their relative 
position in the upper part of the MZR; this should 
be the result of some different evolution. 

To investigate whether the scatter observed in 
the MZR could be related to differences in the 
underlying stellar population, we have obtained 
for all o ur cluster galaxies the spectral index D„ 
(4000) (iBalogh et al.lll99 9'). after correction for 
emission lines, as given by SDSS DR8. All our SF 
dwarfs show Dn(4000) < 1.4, which corresponds 
to typical ages < 1 Gyr. Additionally, we have 
seen that the gas-phase metallicity does not show 
any correlated behavior with the age of the un- 
derlying population. In fJ21 we have shown that 
SF dwarfs at i? < i?200 in Coma do not show any 
observable difference in the g-i color distribution 
as compared to the galaxies at i? > i?2oo- Thus, 
the more metallic SF dwarf galaxies found in the 
cluster core, specially of Coma, are neither older 
nor redder than the rest of SF galaxies. 

To quantify the effect observed in the MZR 
for Coma and A1367, in the upper panel of Fig- 
ure [To] we plot the mean difference of the derived 
12-t-log(0/H) abundance for each galaxy with re- 
spect to the 12-)-log(0/H) given by the bisector 
linear fit, as a function of the cluster-centric ra- 
dial distance, sampled in a bin of 0.5 R2oo- The 
errors correspond to the standard deviation from 
the mean value of log(0/H)-log(0/H)fit. In the 
lower panel we plot the same for the log(N/0) ra- 
tio. We observe that in Coma, the mean difference 
in 12-|-log(0/H), in the closest bin to the cluster 
core, is positive and above the rms error (i.e. pos- 
itive for all objects), and can reach above ^ 0.15 
dex. The same is found for the log(N/0) ratio, 
which can get up to ~ 0.27 dex difference in the 
cluster core. In A1367 smaller differences are ob- 
tained, of ~ 0.05 dex in log(0/H) and ^ 0.1 dex in 
log(N/0). This divergence, combined to the fact 
that for the low-mass clusters of our sample, this 
trend has not been revealed at all, seem to indicate 
that the cluster mass is a most relevant parame- 
ter. As it will be discussed in fjTl what seems to 
drive the disparate evolution of SF dwarf galaxies 
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Fig. 9. — The oxygen abundance 12+log(0/H) versus the quantity /i = log Af* — 0.32 log(SFR) for SF dwarf 
galaxies in Coma (A1656, triangles) and A1367 (stars). Filled symbols correspond to galaxies at i? < i?200- 
The continuous line is the linear fit for galaxies at i? < i?200 and the dashed line the fit for galaxies at 
R > Rim- 



in Coma appears to be related to the properties of 
the forceful ICM of this cluster. 

We explore the dependence of the trend ob- 
served for our cluster galaxies as a function of the 
localgalaxy density, using the density estimator 
5^4,5 u In the upper panel of Figure [TT] we plot 
the mean difference of the derived 12-|-log(0/H) 
for each galaxy with respect to the 12-|-log(0/H) 
given by the bisector linear fit, as a function of 
E4_5, in a bin of 0.5 dex. The errors correspond 
to the standard deviation from the mean value of 
log(0/H)-log(0/H)fif In the lower panel we plot 
the same difference for the log (N/0) ratio. In the 
highest local density bin we find a mean differ- 
ence in log(0/H) of ^ 0.05 dex for both Coma 
and A13 67, in agreement w ith the previous find- 
ings (e.g. lEUison et al.ll2009l ). Log(N/0) presents 
a measured difference of ^ 0.15 dex for both clus- 
ters. 

We note here that estimating the local galaxy 
density for clusters with large velocity dispersions 
as in Coma (cry ^1000 km s~^) and A1367, bears 



'Defined as the logarithm of the density obtained to the 
average of the projected distances to the fourth and fifth 
nearest neighbors, including a ll galaxi es with SP SS spe ctra, 
within the cluster region f see iPetropoulou et al]|20lj ). 



significant hazards. Allowing neighbors to have 
velocity differences of the order of cry, could re- 
sult in counting out galaxies in the cluster core, 
and thus underestimating density. Converselly, al- 
lowing velocity differences of 2crv or 3crv could in- 
troduce a severe bias to relatively isolated objects, 
overestimating their density. In Figure [TT] we use 
S4_5 derived permitting neigbors to have velocity 
differences of 2000 km s~^, but we have checked 
that the behavior does not change using velocity 
difference of try, 2crv, and 3fTv- 

Previous works have pointed out the effect 
of the envir onment on the gas-ph a se metallicity 



of ga l axies (IMouhcine et al.l l2007t ICooper et al 



20081: lEllison et al.l 120091) and have found that 
galaxies within dense environments show statis- 
tically higher metallicities of ^ 0.05 dex at the 
same bin of galaxy mass. These works, however, 
have rela ted this behav i or to local galaxy density. 
Speciallv lEllison et al. ( 2009[ ) have discussed the 
importance of cluster membership, and although 
they have found that enhanced metallicities are 
present at distances R < R200 from the cluster 
center, they have concluded that the enhancement 
observed is driven by local overdensity and does 
not depend on cluster properties such as Rioo, fv. 
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Fig. 10. — Upper panel: The difference of the 
derived oxygen abundance 12-|-log(0/H), for each 
galaxy, with the oxygen abundance given by the 
bisector Unear fit 12-|-log(0/H)fit, as a function of 
the cluster-centric radial distance R/R200, in a bin 
of 0.5 i?2oo- Lower panel: The same for log(N/0). 
The blue points correspond to A1565 and the red 
poins to A1367. 
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of the local galaxy density £4,5 in a bin of 0.5 dcx. 



18 



or cluster mass. 

There is a general good relation between 
the cluster-centric distance and the local galaxy 
density, wi t hin t he cluster virial radius (e.g. 

20051 ). so the metallicity enhance- 



from the center, they found a remarkable number 
of galaxies with long, one-sided HI tails pointing 
away from M87. Truncated HI disks were found 



Rines et al 



ment of the cluster core galaxies is expected to 
appear as a function of the local galaxy density as 
well. However, in the present work we find that 
the enhancement of the gas-phase metallicity is 
sensitive to the cluster mass, and appears to be 
more prominent if we consider the i?2oo region of 
a massive cluster such as Coma. This evidence 
points towards a possible connection of the chemi- 
cal enrichement of cluster galaxies with their ICM 
properties. 

6. CHEMICAL ENRICHMENT VS HI 
MASS 

In clusters, the gas interchange of a galaxy with 
its environment is expected to be very relevant. 
Observable gas tails give evidence of ongoing gas 
stripping and a significant fraction of spirals have 
been found to have truncated ionized gas disks 
compared to thei r stellar disks (see SJT|). Recently, 
Jaffe et al.l (|201ir) , based in a large sample of emis- 
sion line galaxies from the EDisC^ sample at in- 
termediate redshifts (0.4 < z < 1), found that 
the fraction of kinematically disturbed galaxies 
increases with cluster velocity dispersion and de- 
creases with distance from the cluster centre, but 
remains constant with projected galaxy density. 
In addition, disturbed gas kinematics does not co- 
occur with morphological distortions as traced by 
optical (HST) imaging, suggesting the mechanism 
that affects most the gas of cluster galaxies has to 
be linked with the ICM. 

The atomic gas is expected to be the first to 
suffer the ram-pressure stripping in the cluster 
environment. Indeed, cluster spiral galaxies are 
more HI deficient than similar galaxies in the 
field, and this deficiency app ears to be increasin g 



towards the cluster center ( Havnes et al.l 11984 ) 



Additionally, because of the shallower gravita- 
tional p otentials, dwarfs can be extremely fragile 
to R PS (ISolanes et al.ll200ll) . In the Virgo cluster 
core, IChung et al.l (l2009l)" found many HI deficient 
galaxies, and at intermediate distances, at ~lMpc 



even in Pegasus I cluster ( Lew et al.ll2007l) . a clus- 
ter with a low level of X-ray emission. 

An interesting method to check for modulations 
of the HI content of SF galaxies is through com- 
paring the galaxy chemical enrichment with the 
theoret ical values pred icted by the "closed-box" 
model (lEdmundslll990l) . According to this model, 
the mass fraction of metals should be a direct func- 
tion of the gas mass fraction: 

fl = Mgas/iMgas+M^) 

Here, the gas mass is considered to be the mass 
of HI (Mhi) with a correction for neutral helium 
Mgas — 1.32Mhi. We neglect the contribution 
due to molecular hydrogen, as this seems to be 
small and difficult to evaluate. According to llsrael 
(|l997l ). for Magellanic type irregular galaxies, the 
H2/HI mass ratio is 0.2, which would mean an 
increase of 0.08 dex in the Mgas estimate. How- 
ever, the CO to H2 conversion relation is not well 
known for low metallicity syste ms and the H2 frac - 
tion might be even higher (e.g. lKeres et al.ll2003() . 

Comparing with chemical evolution models is 
actually possible only when information on the 
HI mass of a galaxy is available. Two of our 
sample cluste r s have recently published HI data. 
Cortese et al.l (|2008bf ) have presented 21 cm HI 
line observations of the central part of A1367, as 
part of the Arecibo Galaxy Environment Survey 
(AGES). This sample covers ~ 20% of the total 
region covered by our sample and ^ 70% of the 
region with R < R200 and their HI lower mass 
limit, at A1367 distance, is 6 x IO^Mq. They have 
detected 57 galaxies that belong to A1367 cluster, 
out of which 1 7 also belong t o our sample of SF 
dwarf galaxies. iHavnes et al. I (1201 ll) have recently 
released a catalog with 21 cm HI line sources, cov- 
ering ^ 40% of the final ALFALFA0 survey area. 
This release includes ^ 50% of the area of A1656 
covered by the present work, also ~ 50% of the 
area with R < R2Q0, and their low HI mass limit 
at the Coma cluster distance, is 4 x IO^Mq 
(Mht > 10 ''Mp at the Virgo cluster distance, 
Giovanelli et al. I I2OO5I) . We have found 31 objects 



^European Southern Observatory Distant Cluster Survey 



^"Arecibo Legacy Fast Arecibo L-band Feed Array (AL- 
FALFA). 
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in common with our sample of SF dwarf galax- 
iesE 

In Figure [12] (left) we plot the oxygen abun- 
dance versus the gas mass fraction (in the form 
loglnl//i) for A1656 (triangles) and A1367 (stars) 
for the galaxies we have HI data (filled symbols 
mean R < i?20o)- In Figure [T2] (right) we plot the 
gas mass fraction fi versus the stellar mass. We 
add (with smaller points) all the SF dwarf galaxies 
of our sample that do not have HI measurements, 
but they are located within the regions mapped 
by AGES and ALFALFA (up to the present re- 
lease). We assign to these galaxies the HI mass 
detection limit of each survey, this being an upper 
limit of the HI mass of these galaxies (the arrows 
indicate the direction to which these upper limits 
could be displaced). Again, open and filled small 
symbols mean outside and inside the cluster i?200 
respectively. 

We observe that A1656 dwarf galaxies located 
to distances R < i?2oo (filled triangles), all except 
one, have been assigned an upper limit. In con- 
trast, inside i?200 of A1367 we have both upper 
limits and detections. This could be an evidence 
of the stronger and more effective ram-pressure 
exerted by the ICM of A1656 than that of A1367. 



Tecce et al. ( 2Q1CI ) have found that at low-z, the 



mean ram-pressure is ^ 10 
clusters with virial masses 



-111,2 



h dyn cm in 
IO^^Mq, while in 
lower mass clusters of ~ lO^M©, the mean ram 
pressure is approximately one order of magnitude 
lower. At distances R > i?200 (open triangles), 
there are measured HI masses as well as upper 
limits for both clusters. Theoretical models have 
started to investigate the effects of the ICM tur- 
bulence, substructure and shocks during groups 
infall, finding that RPS can be effective even at 
the cluster outskirts and fiUaments, as well as 



during tidal interactions ( e.g. iTonnesen &: Brvan 



20081: iKapferer et al.ll200. 



We then compare the position of our galaxies in 
the left plot of Figure [121 with model predictions 
for the yield. The green continuous line indicates 
the model value yo = 0.0074, that is the theoret- 
ical yield of oxygen expected for a Salpeter IMF 
and constant star formation rate, for stars with ro- 



^^We have derived the Mm using the stan dard formula 
Mm = 2.36 X lO^D^Fui jHavnes et al.l201lD and adopting 
the same mean distance D for all cluster galaxies. 



tation following iMevnet fc Maedeij (j2002l) models 
van Zee fc Havne d 120061). Botl^infah and out- 



flow of well-mixed material will result in effective 
yields that are less than the true yield, as the en- 
riched material is either diluted or lost from the 
system. The blue dashed line corresponds to a 
lower yield i/o — 0.002, almost 1/4 of the model 
prediction, which is the effective yield found for a 
fraction of the sample of isolated dwarf irregular 
(dl) galaxies of Ivan Zee fc HavnesI (l2006l) . 

Some of the SF dwarf galaxies located at 
cluster-centric distances R > i?2oo in both clus- 
ters, and a fraction of the SF dwarfs in A1367 
cluster core {R < R200), appear to follow the the- 
oretical closed-box model predictions (considering 
our metallicity typical uncertainty 0.1 dex, see 
§4]). These galaxies in t he core of A1367 could b e 



newcomers" (see also iPetropoulou et al.l 120111 ) , 



observed before the action of RPS lowers signif- 
icantly their atomic gas content, shifting them 
towards lower effective yield values. 

We also observe a tendency to lower effective 
yields as metallicity increases, suggesting that 
these galaxies host lower HI mass than the ex- 
pected by the closed-box model (a similar be- 
havior was found for A2151 SF galaxies, see 
[Petropoulou et al" 2011 . Fig 14). The atomic gas 
deficiency is confirmed when we compare the HI 
content of our sample galaxies (measurements or 
upper limits) with the Mhi of field counterparts 
of the same absolute magni tude, as calculated fol- 
lowing iToribio et al. ( 2011 ) . Two representative 
examples are the dwarf galaxies CGCG 97-073 
and CGCG 97-079 (marked on the plot) that have 
been investigated before (|Iglesias-Paramo et al 



2002; Gavazzi et al.|[2001 ) . showing long (Ha) tails 



that reveal their recent interaction with the ICM. 
The HI content of CGCG 97-079 appears to be 
severely affected: this galaxy has the lower HI 
mass detected and lays below y = 0.002 in the left 
panel of Figure \M CGCG 97-073 in turn does 
not appear to have lost a large amount of HI yet. 

We conclude that, to the distance of Coma and 
A1367, given the detection limit of the HI data, we 
observe the atomic gas of galaxies that still con- 
tain a substantial fraction of their HI mass. The 
almost absolute lack of detections in the central 
part of A1656, indicates that galaxies there have 
been severely affected by the cluster environment, 
and the ram-pressure stripping has partly or com- 
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Fig. 12. — Left: the oxygen abundance versus the gas mass fraction for A1656 (triangles) and A1367 (stars, 
filled symbols mean R < i?2oo)i for the galaxies within the covered regions by AGES and ALFALFA. The 
green continuous line indicates the theoretical yield yo = 0.0074, and the blue dashed line corresponds to 
a lower yield yo — 0.002. Right: the gas mass fraction fi versus the stelar mass. Small points in both 
plots represent HI mass upper limits for the galaxies included in the surveyed regions but not having HI 
measurements. The arrows indicate the dirrection to which these upper limits could be displaced. 



pletely removed their atomic gas content, render- 
ing them undetectable in 21 cm HI line. In turn, 
in the central part of A1367 there are some SF 
dwarf galaxies still with detectable HI mass (i.e. 
possible "newcomers"). 

7. DISCUSSION 

It is well established that dense environments, 
such as cluster cores, present larg er fractions of 



Poedanti et al.l 19991 


Treu et al. 2003; .Finn et al. 


2005; PoEEianti et al. 


I2OO6I). This confirms the 


important influence of the environment on galaxy 



evolution. Although the big debate on nature 
versus nurture remains open, accumulated evi- 
dence seems to indicate that, in the particular 
case of dwarf galaxies, environm ent is a funda- 



ment a l driver of their ev o lution (jMahaian et al 
2OIOI: iHaines et all 12007'. 200 61). It has been 



found (jSmith et al.l 12011: Porter et al.ll2008l ) that 
significant infall of low-mass SF galaxies ex- 
ists along the filamentary structures onto the 
densest clusters. Reaching cluster cores, dwarf 
galaxies can experience a star-burst event, in- 
duced by their first interaction with the ICM 



(iGavazzi et all l200lt ISun et al.l [2007t iLevv et al 
20071: IPetropoulou et al.l |201l|). T hen, RPS is ex- 
pecte d to be very efficient (e.g. ^Tonnese n et al 



20071 ) and it could strip the gas of a dwarf galaxy in 
very short timescales lO^yr) converting a large 
fraction of dwarf galaxies, first into post-starburst 



as those observ e d in C oma (Mali aian et al.ll2011 
PoEEianti et al. I2OO4I) . and finally into passive 



galaxies. 

Despite the fateful "switching off" of star for- 
mation predicted by the models of RPS, we have 
found quite a number of SF dwarf galaxies in our 
clusters. The selection of our galaxy sample to 
have strong emission lines means that they do still 
contain ionized gas. However, as we show in fj6l 
a large fraction of these galaxies do not contain 
the amount of HI mass expected by the closed- 
box model, indicating that they should be suffer- 
ing RPS which has first affe cted their neutral gas 
content. iTecce et all (|2010l ) simulations seem to 
indicate that at z ^ 0, 50% of galaxies inside the 
virial radius {Rvir) have experienced important 
ram-pressure effects. These pressures appear to 
have a strong effect on the cold gas content: 70% 
of the simulated galaxies within Ryi,. have been 
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found to be completely dep leted of cold gas. Addi- 
tionally, iTecce et all (|2010l ) models have suggested 
that the rate at which the cold gas of a galaxy is 
stripped, depends on the halo virial mass of the 
host cluster; thus less massive galaxies within mas- 
sive clusters are the most affected. 

In order to investigate the chemical evolution 
of the SF dwarf galaxies in the present sample of 
clusters, we have derived their MZR. The MZR 



of ga- l axies is well esta blished (e.g. iTremonti et al 



2004 iLee et al.|[2006l) . There exist a variety of 



chemical evolution models and hydrodynamical 
simulations advocating different physical mecha- 
nisms to explain this relation. For example, the 
ejection of metal-enriched gas by galactic outflows, 
triggered by e.g. (multiple) supernovae explosions, 
could be more efficie nt in systems with shallower 
potential wells (e.g. iLarsonl Il974 : Marconi et al.l 
1994t iDe Lucia et al.l 120041 ) . A variable efficiency 
of star formation, increasing with galactic mass 
(often named "downsizing"), could a lso be in- 
voked to reproduce the MZR (e.g. lMa,tteucci 

' 20071: 



19941: iTissera et al.l 120051 : Ide Rossi et al 



Calura et al. 20091). For dwarf galaxies, where su- 
pernova winds are expected to be more important, 
a combination of downsizing and winds co uld af- 



fect the shape and s l ope o f the MZR (Tassis et al 



20081 : ISpitoni et all l2010[ ). Other mechanisms. 



such as dilution caused by infall and variations in 
the IMF have also been proposed, however they 
show problems reconcilin g dwarf SFRs and m etal- 
licities (see the review bv lTolstov et al.ll2009t ). 

Recently it has been found that hydrody- 
namic simulations that incorporate momentum- 
driven wind scalings provide among the most 
successful overall fits to a wide range of ob- 
served galaxy properties ( Finlator fc Dave 20081: 



ment with the slope given by the linear fit of our 
sample galaxies, located either in the low-mass 
clusters A779 and A634, or at the outer regions of 
Coma and A1367. 



Dave et al.l (|201lh discuss the effect of SFR 
and of environment on the MZR, and find that 
the overall trends are consistent with the expec- 
tations from the "equilibrium" model. The scat- 
ter observed in the MZR for our sample galax- 
ies does not correlate with SFR (|JS|), thus it does 
not seem to be related to metal dilution suf- 
fered by the galaxies showing lower metallicities 
at the same bin o f mass. Regarding environment, 
Dave et aD ( 2011 ) hydrodynamic simulations re- 



Qppenheimer et al.l20l"otlDave et al.l201l[ ). iFinlator fc 
( 20081 ) developed a simple analytic model to un- 
derstand the MZR, where the gas-phase metal- 
licity of a galaxy is set by a balance between in- 
flow and outflow, plus star formation. In this 
"equilibrium" model the mass outflow rate (ry, i.e. 
the balance between inflow and outflow) scales 
inversely with circular velocity, and this natu- 
rally reproduces a slope of the MZ R Z ex M^-^ 
at < IO^^-^Mq. iLee et al.l (12006') observation- 
ally obtained this slope of the MZR for a sample 
of nearby dirr galaxies, with a remarkably small 
dispersion. This value of the slope is in agree- 



produce low mass galaxies in dense environments 
showing higher metallicities for the same bin of 
mass than galaxies at lower densities. The au- 
thors suggest that this should not be the result 
of galaxies processing more gas into stars, but 
rather the consequence of the environmental de- 
pendence of wind recycling. Much of the material 
enterin g into the galaxies' ISM a t z=0 is recycled 
winds ( Oppenheimer et aD 2010l ) , that is the reac- 
cretion of the wind material when the wind veloc- 
ity does not exceed th e galaxy escape velocity (see 
also iBekki et al]|2009l ) . This mechanism accounts 
for the fact that metallicity differences seem to 
disappear for high mass galaxies: at high galaxy 
mass, wind recycling is so effective that metal- 
licity approaches the theoretical yield regardless 
of environment. Instead, at low masses, most 
ejec ted material could normally escape the galaxy 
(jOpp cnhcimcr ct al. 2010), unless the galaxy re- 
sides in a dense environment, with a hot gaseous 
halo that could significantly slow winds. 

In 5J5] we have seen that SF dwarf galaxies 
in the Coma cluster core, and to less extend in 



DaAjl 367. show higher metallicities for the same bin 
of mass than galaxies outside -R200- This results 
in the flattening of the MZR for dwarfs to dis- 
tances R < i?200- The amount of this flattening 
appears to be related to cluster mass, with the less 
massive clusters of our sample not showing at all 
this behavior. This observed trend matches well 
the above wind recycling scenario. Models sug- 
gest that at high density environments (i.e. in 
cluster cores) galactic winds can be suppressed 
by the high pressure of the ICM ( Schindler et al.l 



20051 : iKapferer et al] l2006l l2009l ). Accordingly 



this could cause faster recycling and thus pre- 
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venting galaxies from loosing their metals. The 
suppression to take place needs ICM pressures 
> 10-^f_dyn_cm_-2 ((Schindler fc Diaferi o 2008). 



Tecce et al.l (|201lh have found that on the out- 
skirts of clusters as (or more) massive as Coma (> 
IO^^Mq) the ram-pressure reaches ~ 5 x 10~^'^h^ 
dyn cm^^, the same order of magnitude as in the 
core of clusters of virial mass ~ 10^'^ Mq. In turn, 
the ram-pressure in the core of massive clusters is 
expected to be ^ 100 times higher. Consequently, 
as we go to clusters of higher X-ray luminosity, 
higher would be the pressure exerted and the wind 
suppression is expected to be more effective. The 
wind suppression in the cluster cores co uld approx 



imate the no-wind case depicted at iDave et al 



( 201l[ ) hydrodynamic simulations, where the slope 
of the MZR is found to be flatter than when con- 
sidering wind scalings. 

The important role of the density o f the IC M 
can be supported by IPoggianti et al. (l2009allbh 
findings. These authors have found that the frac- 
tion of post-starburst galaxies depends on cluster 
mass, and the fraction of spiral galaxies in clus- 
ters in the Local Universe is anticorrelated with 
Lx (whereas no trend is observed with cluster ve- 
locity dispersion). Now it seems to turn up that it 
is not only to the quenching efficiency, but also to 
the chemical evolution of low-mass cluster galax- 
ies that the properties of the ICM could play an 
important role. 

Another possibility that emerges from the 
"equilibrium" model scenario is that galaxies in 
denser regions could result having higher metallic- 
ities as a concequence of curtailed inflow, due to 
gas stripping and/or strangulation. The relation 
Z oc M'^-^ is the result of the balance between 
inflow and outflow processes. If gas accretion is 
truncated by some sort of environmental suppres- 
sion, then the galaxy consume its gas to form 
metals along the locus of Z ex and w ill move 
above the mean MZR (jPave et al.ll201l[ ). If ac- 
cretion does not restarts, the galaxy will end up 
exhausting all the available gas for star-formation 
and finally be transformed to a passive galaxy. Ac- 
cordingly, our SF dwarf galaxies that lie above the 
MZR could be in this particular phase of environ- 
mental quenching, where enhanced metal enrich- 
ment precedes the switching off of star-formation. 
As we show in fJS] the majority of galaxies inside 
i?2oo seem to have suffered important gas removal, 



specially in A1656. 

The above picture could describe well what is 
happening to the galaxies in the Coma cluster 
core, where SF dwarfs show on average ^ 0.15 
dex higher metallicities than the overall MZR. 
By reaching the outskirts of this massive clus- 
ter, the ISM-ICM interaction can produce star- 
burst events, that accelerate gas depletion in clus- 
ter dwarf galaxies, as compared to their isolated 
counterparts. In the same time, galactic winds 
should have started to get suppressed, prevent- 
ing metal lost from the low-mass galaxies, that 
otherwise would have been expected to be very 
efficient. As RPS gets shearing the gas content 
(starting from the halo gas reservoir and the HI 
disk), the infall of pristine gas gets truncated, and 
the chemical enrichment follows a steeper path on 
the mass-metallicity plane. By the end of their 
star formation, the low-mass galaxies could have 
experienced a significant metallicity enhancement. 
Considering that this shutting-off in Coma could 
take ^ 10^ yr (the crossing-time of this cluster), 
there is enough time also for nitrogen to get de- 
livered to the ISM, yielding the observed trend in 
the N/0 ratio. In Figure [T51 we give a schematic 
representation of this scenario. 

Moreover, low-mass galaxies could reach clus- 
ters already chemically e nhanced up to some 



degree. Ilecent works ( Mahaian et al. 2010t 



Porter et al.l l2008l) have found an increased star 



formation in galaxies falling into clusters along 
supercluster-scale filame nts. Additionally, simu- 
lations (e.g iBekki 2009() suggest that even mod- 
erately strong ram pressure, such as in group- 
like environments, could strip the hot gas halos 
of galaxies, with efficiency increasing at the low- 
mass regimes. Consequently, low-mass galaxies, 
could suffer gas exhaustion by both gas depletion 
through star formation and some stripping process 
such as strangulation, also in their ways towards 
clusters. Both mechanisms would lead to chemical 
enhancement (product of the increased star forma- 
tion as compared to isolated dwarf galaxies in the 
first case, and of the lulled infall in the second). 
This scenario could explain the trends observed 
for the oxygen abundance and N/0 ratio even in 
A1367 (a cluster of M ~ IQI^Mq), as well as the 
elevated metallicities observed for some galaxies 
at i? > i?200 in both Coma and A1367. 



Carter et al] (|2002l ) have invoked pressure con- 
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Cluster center 
P~ 10 " h^dyn cm ^ 




Outskirts 
P~10 '^ h^dyn.cm^'* 



Fig. 13. — A schematic view of the main mechanisms that could affect the chemical evolution of a low- 
mass galaxy in a massive cluster like Coma. As this galaxy enters the cluster environment, the ISM-ICM 
interaction produces star-burst events, accelarating gas depletion as compared to its isolated counterparts. 
The pressure of the ICM (depicted as pleats), in the region inside i?200 is high enough to produce wind 
suppresion, and the reaccretion of the wind material (the returning arrows) prevents dwarf galaxies from 
loosing the produced metals. Additionally, the accretion rate of pristine gas becomes truncated, as the HI 
disk and the hot halo reservoir of the dwarf galaxies are effectively stripped in that region. 



finement by the intracluster medium to explain the 
cluster-centric radial gradient of the stellar metal- 
licity for a s ampl e of passive galaxies in Coma. 
Smith et al. I (l2009l) . however, have argued that the 
observed gradient should be interpreted as a trend 
in age rather than metallicity. Younger passively 
evolving dwarfs could have arisen by the transfor- 
mation of infalling field late-type galaxies, indicat- 
ing that the build-up of the passive population is 
an ongoing process in the outskirts of the cluster, 
related to environment-driven processes (regard- 
ing the infalling galaxy population in Coma, see 
also lAguerri et al. 

In a subsequent work, ISmith et al. have 
found that the cluster-centric age gradient for the 
red-sequence dwarfs in Coma is a global trend, and 
is not driven by the ongoing merger of the NGC 
4839 group to the south west of Coma. These 
authors have compared their results with the pre- 
dictions from simulated clus ter assembly histories 
(the Millenium Simulation, ISpringel et al.l 120051 ) 
and have argued that in order to reproduce the 
strength of the age gradient observed for the red- 
sequence dwarfs in Coma, either a dominant burst 



or a gradual decline in the star-formation rate has 
to be invoked; models with very abrupt quench- 
ing would lead to shallower age trend. These 
findings support the scenario proposed here: re- 
cent star-formation, within a massive cluster like 
Coma, could yield the chemical enhancement of 
dwarf cluster galaxies. 

Finally, a mechanism for the chemical enrich- 
ment of cluster galaxies to be considered could 
be the presence of enriched infiows. Historically 
it has been thought that there was a remarkable 
uniformity in the metal abundance of the ICM 
(~ 0.5Zq) as a function of cluster mass, ranging 
from cooling- c ore to noncooling-core clusters (see 
IWerner et al. ( 2008f) for a re view on the chemical 
enrichment in the ICM, and Schindler fc Diaferiol 
(200 8) for a review on the processes proposed to 
explain this enrichment). However, recently, the 
spatially resolved analysis of the chemical compo- 
sition of the ICM has revealed that this is not uni- 
formly enriched in metals. ICM abundance gra- 
dients are common in clusters, showing a peak 
in the central region and a decline outwards (e.g . 
De Grandi et al.ll2004t iLeccardi fc Molendil [2001 
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Lovisari et al.l 120111) . The central metallicity of 
the ICM can reach even over solar values, associ- 
ated to the presence of the brightest cluster galaxy 
(RPS could also play a role in the metallicity en- 
hancement in cluster centers). The question arises 
as to whether infall of enriched material of the 
ICM could affect the metallicity of cluster galax- 
ies. However, detailed modeling would be needed, 
regarding the cooling of the ICM and the accre- 
tion mechanisms, which is beyond the scope of the 
present work. 

8. SUMMARY AND CONCLUSIONS 

In this work we have studied the chemical his- 
tory of low-mass SF galaxies in four clusters in 
the local Universe. The sample clusters belong to 
a semi-spheric shell of the local Universe {S > - 
25 deg and 0.02 < z < 0.03) and span a mass 
range from 10^'^ to lO-'^^M©. The regions studied 
cover the clusters' core up to 3i?200- We have been 
searching for the potential imprints of the cluster 
environment on the galaxy chemical enrichment. 

We have used the latest SDSS spectroscopic re- 
lease DR8. SF galaxies have been selected on the 
basis of their SDSS emission line fluxes, and a 
limit in magnitud has been applied to select dwarf 
galaxies. Considering low-mass galaxies, apper- 
ture biases are not expected to be important. We 
note that DR8 spectroscopic data have been cor- 
rected for the underlying stellar continuum; this 
being an important improvement when studing 
nebular gas properties. We have found that our 
SF dwarf galaxies show typical line ratios of nor- 
mal H II galaxies. 

Gas-phase metallicities of the 0/H and N/0 ra- 
tio, have been derived carefully using different em- 
pirical and model calibrations. The accurate mass 
estimates provided by SDSS DR8 have been used, 
to derive the MZR of the cluster galaxies. Well de- 
fined sequences have been found in the MZ plane, 
and we have observed a decrease of the scatter 
when the correction for the SFR has been applied. 
The value derived for the slope of the MZR is in 
agreement with the predictions of hydrodynamic 
models, which use momentum-driven winds to re- 
produce the MZR. Well defined sequences have 
also been derived in the N/0 versus mass plane. 

For the more massive clusters of this sample. 
Coma and A1367, the galaxies located at cluster- 



centric distances R < R200, are preferentially lo- 
cated at the upper part of the global sequences 
of O/H and N/0 versus mass. This increase in 
metallicity is mass dependent, being higher at the 
lower mass bins, and in the core of Coma reaches 
on average 0.15 dex in O/H. This effect yields 
the flattening of the MZR for SF dwarf galaxies 
within the core of these massive clusters. 

The metal enhancement of SF dwarfs in the 
cluster core has been found to be more impor- 
tant when considering the i?2oo region of the most 
massive cluster Coma (M ~ lO^^M©). Despite 
the general good relation of local galaxy density 
with cluster-centric distance, this effect appears 
diluted in terms of local galaxy density, suggest- 
ing that the relevant parameter able to affect the 
chemical evolution of SF dwarf galaxies should be 
the presence of a dense ICM. 

Finally, we have related the metallicity of our 
SF dwarf galaxies, with their HI mass content, de- 
rived using available 21 cm data. We then have 
compared with the predictions of the so-called 
"closed-box" model and the normal HI content of 
isolated couterparts, and we have found that SF 
dwarf galaxies in the cores of A1367 and Coma 
should be suffering an important ram-pressure 
stripping. 

We discuss that the properties of the ICM could 
be a key parameter to the chemical evolution of 
low-mass cluster galaxies. Efficient gas stripping 
(ram pressure or/and strangulation) and effective 
metal retention, due to the suppression of galactic 
winds, could lead to a different chemical enrich- 
ment scenario for cluster galaxies. 

The present sample consists of four clusters, 
and although the trends observed could be insight- 
ful, meaningful coclusions could be taken out only 
by improving considerably statistics. In a future 
work we will investigate further the connection of 
the chemical enrichment of cluster galaxies with 
the properties of the ICM, for a larger set of clus- 
ters, sampling a wide range of X-ray luminosities. 
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